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4.0 LEG DESI GN CONSI DERATI ONS

4.1 GENERAL

Thi s chapter discusses paraneters the designer should
consider for the design of LFG control systens.

The design process for LFG control typically consists of two
phases. Phase 1 is an investigation to determ ne the techni cal
and econom cal viability of the LFG recovery system Phase 2 is
the design of the full-scale system

4.2 PHASE 1: | NVESTI GATI ON
The investigation phase typically consists of the follow ng
st eps:

coll ect and revi ew exi sting data,
conduct interviews and site inspection,
revi ew data base information

conduct a screening process, and
conduct a field tests.

4.2.1 Data Collection

Exi sting site data can be obtained from avail able records on
the site, and fromregul atory, and ot her governnment agenci es.
These include permt docunents, regulatory correspondence, waste
recei pt volunmes, waste type, gas data, |eachate data and ground-

wat er data, closure date, etc. Information on the site wll
permt the designer to established a data base for conpleting
design calculations. It will also allow the designer to

determ ne whether additional data gathering activities are
necessary.

4.2.2 1Interview and Site |Inspection

Interviews should extend to all concerned parties famliar
with landfill operations including |andfill owner, operator and
appropriate officials. This information will provide the
designer with the current status of the site, any current
envi ronment al problens or ones that could develop in the future.

| nspection of the site and its surroundings will aid the
designer in verifying the data collected and at the sane tine
configuring the conceptual design of the LFG collection and
recovery system
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4.2.3 Review of Data Base Information

A review of data base information on existing facilities of
the sane type will provide the designer wth up-dated
technol ogies, their effectiveness and costs.

4.2.4 Conduct Screening
The prelimnary design screening process should consi der:

recovery techni que,

regul atory requirenents for collection and treatnent,
conparative cost, and

advant ages and di sadvant ages of each techni que.

4.2.5 Field Tests

To i npl enent LFG collection/treatnent options, certain data
are required to properly design a systemand to select the
appropriate gas recovery and control system The data required
i nclude chem cal characteristics of the gas and the gas-
generation rate. For existing landfills, data can be collected
as described in the follow ng paragraphs. For new landfills,
assunptions nust be made on the chem cal and physi cal
characteristics of the gas based on historical data fromsimlar
install ations.

4.2.5.1 Characterization of Gaseous Em ssions

LFG conposition is one of the determ nations that is of
principal interest in any evaluation of potential gas treatnent
met hods. Sone nethods to collect LFG sanples are: barhole
probe, permanent gas nonitoring probes, and gas extraction wells.

EPA has devel oped three test nmethods for proposal of air
em ssion control regul ations. These include Method 2E -
Determ nation of Landfill Gas Production Flow Rate, Method 3C -
Det erm nation of Carbon D oxi de, Methane, Nitrogen, and oxygen
from Stationary Sources, and Method 25C - Determ nati on of NMOC
inlandfill Gas. Detailed of these nethods are described in the
EPA docunent EPA-450/ 3-90-011a, Air Em ssions from Mini ci pal
Solid Waste Landfills- Background Information for Proposed
Standards and Guidelines. The follow ng paragraphs briefly
descri be these nethods.
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4.2.5.2 Determnation of Gas Generation Rate: EPA Method 2E
EPA Met hod 2E neasures LFG production flow rate from MSW

landfills and is used to calculate the flow rate of NMOC

conpounds fromlandfills. Extraction wells are installed in a

cluster of three or five dispersed |locations in the landfill and
a blower extracts the LFGfromthe wells. LFG conposition,
landfill pressure and orifice pressure differentials are neasured

and the LFG production flow rate is cal cul at ed.

4.2.5.3 Determnation of Non Methane Organi c Conpounds: EPA
Met hod 3C
EPA Met hod 3C applied to the anal ysis of carbon di oxide
(C0,), nmethane (CH,), nitrogen (N,), and oxygen (0,) in sanples
fromMSW I andfills and other sources when specified in an
appl i cabl e Subpart of the regulation.

A portion of the sanple is injected into a gas chronmat ograph
(G&C) and the C0,, CH,, N,, and O, concentrations are determ ned by
using a thermal conductivity detector (TCD) and integrator.

4.2.5.4 Determ nation of Non Methane Organic Carbon: EPA Met hod
25C

EPA Method 25C is applicable to the determ nation of NMOC
(as carbon) in LFGs. A perforated sanple probe is driven bel ow
the bottomof the landfill cover. A sanple of the LFGis
extracted with an evacuated cylinder. A portion of gas is
injected into a gas chromatographic (GC) colum to separate the
NMOC from CO, CO, and CH,., The NMOCs are oxidized to C0,, and
gquantified wwth a flane ionization detector (FID). Wile this
procedure is conplex, it elimnates the vari able response of the
FI D associated with different types of organic conpounds. A
typi cal gas probe nonitoring detail is presented in Figure A-7.

4.2.5.5 Pilot-Scale Field Testing

Gas- phase perneability tests are the nbst comon type of
pilot-scale tests performed. These are generally used during the
initial design stage of a gas recovery system (as-phase
pernmeability tests provide the follow ng design information:
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® a neasure of the pressure distribution associated with
an applied vacuum

e gas flow rates,

® contam nant concentrations and recovery rates,
® gas-phase perneabilities at the site, and

® npisture renoval rates.

The gas-phase perneability tests (al so called pneunatic punp
tests) offer an alternative to indirect and | aboratory nethods
for calculating air perneability. These tests tend to provide
nore realistic estimates of air perneability and are nore
appropriate for gas recovery testing. Air-phase perneability
tests are described in several docunents(%%,

A nunber of investigators(!®19 have devel oped transient and
steady-state solutions for air flow, which can be used for
anal ysis of pneunmatic punp test data.

4.3 PHASE 2: FULL- SCALE DESI G\

The full-scale design should start after selecting an LFG
control systemthat is cost-effective and neets applicable
regul ati ons.

The primary design elenents of the LFG managenent system
i nclude gas collection and treatnment. Presented bel ow are design
consi derations of these systens.

4.4 LEG COLLECTI ON
Two types of LFG collection systens are di scussed:

® passive collection, and
® active collection.

4.4.1 Passive Collection Systens

Passive collection uses either collection wells or trenches
to collect LFG The efficiency of a passive collection system
depends on good contai nnent of the LFG Collection wells and
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trenches typically use vent pipes which either discharge the gas
to the atnosphere or to treatnent.

4.4.1.1 Gas Wl ls
Passive collection systens rely on natural pressure or
concentration gradients in the landfill to nove the gas.

The construction of passive systens is simlar to that of
active wells which will be discussed in Section 4.4.2. However,
the mani fol d connecti on shown woul d not be constructed.
Additionally, elaborate well head assenblies are not required
since nonitoring and adjustnent are not usually necessary. A
good type of seal is always used to connect the geonenbrane to
the gas extraction well. The wells can be constructed as filling
proceeds. However, if wells are placed in an existing landfill,
they nmust be drilled into the waste.

Passive wells should generally be |ocated about 10 to 15
meters (33 to 50 feet) fromthe edge of the wastes and typi cal
not nore than one well per acre. Additional wells may be needed
further within the body of the wastes to intercept their ful
depth if the site is benched or sloping. A passive well vent is
illustrated in Figure A-8.

4.4.1.2 Trench Collection Systens

Gas collection trenches can be used where verti cal
extraction wells are not practical, such as in areas where the
refuse depth is shallow or where the liquid is high. A drawback
of trenches is their tendency to drawin air if the seal over
each trench is inadequate. Extrene care should be taken in the
design of all vent systens to prevent themfrom being a source of
infiltration through the cover.

Maj or advant ages of trench systens include ease of
construction and relatively uniformw thdrawal influence areas.
However, these trenches are susceptible to crushing as
subsequent lifts of waste are placed and susceptible to severing
and severe danage as a result of differential settlenent of the
wast e pack. \When placed bel ow groundwater |evels, these
trenches are also subject to flooding. Wen designing trenches
which will be installed bel ow the expected high groundwater or
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| eachate | evels, neasures should be taken to avoid drawi ng water
into the gas collection system

The trenches can be vertical or horizontal at or near the

base of the landfill. A vertical trench is constructed in much
the sane manner as a vertical well is constructed. For a new
site, horizontal trenches are installed within a landfill cell as

each |l ayer of waste is applied. The distance between | ayers
shoul d be no greater than 5m (15 feet). This allows for gas
coll ection as soon as possible after gas generation begins and
avoi ds the need for above-ground piping which can interfere with

l andfill maintenance equi pment. Additional "legs" of the system
are connected to the manifold as the landfill grows in areal size
or height. Figure A-9 illustrates a horizontal trench collection
system

The horizontal trench pipes may be constructed of perforated
pol yvi nyl chlorides (PVC), high density pol yethyl ene (HDPE), or
ot her suitable strength nonporous material. Due to the corrosive
nature of LFG and condensate, corrugated steel is usually not
used. The trench should be about 1 neter (3 feet) wide, filled
wi th gravel of uniformsize and extend into the refuse about

1.5 m(5 feet) below the landfill cap layer. Trenches shoul d be
| ocat ed between the waste fill and the gas barrier or side of the
site.

The side of the trench nearest to the property boundary
shoul d be sealed with a | owperneability (< 10°ws'!) barrier
material, such as a synthetic geonenbrane to prevent gas
m gration. The remainder of the trench should be lined with a
filter fabric to prevent clogging of the perneabl e nmedi um

The gas collection piping enclosed in the trench gravel pack
is connected to surface vent pipes of simlar construction as the
coll ection piping. Vent pipe spacing should be determ ned from
nmonitoring and site investigation data, but should generally not
be greater than 50 neters apart. Passive vents can be used in
conbi nation with horizontal trenches by connecting vents to the
pipes wwth flexible (i.e., settleable) hosing. The flexible hose
bet ween the extraction well or trench and the collection header
systemallows differential novenent.
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Because of its horizontal |ayout, the collection header system
woul d be expected to settle nore than a vertical extraction well.
This flexi ble connection allows nore novenent than would be
possible if the two pipes were rigidly connected. Sanpling ports
can be installed allow ng nonitoring of pressure, gas tenperature
and concentration, and liquid |evel.

4. 4.2 Active LFG Collection Systens

As described previously, an active collection system
consi sts of a nechani cal blower or conpressor attached to a
system of gas extraction wells or collection trenches. A pressure
gradient is created in the wells or trenches, thereby forcing the
removal of gas fromthe landfill. The gas is then piped to a
flare, cogeneration unit or other treatnent system

The effectiveness of an active LFG coll ection system depends
greatly on the design and operation of the system An effective
coll ection system shoul d be designed and configured so as to:

e handl e the maxi num LFG generation rate,

e effectively collect LFGfromall areas of the landfill,

and

® provide the capability to nonitor and adjust the

operation of individual extraction wells and trenches.

Air intrusion is a mgjor concern in the design of the active
LFG col l ection system Air intrusion may naturally perneate
through the landfill cover and into the refuse. Natural
perneation is particularly severe in arid regions where dry cover
soils are easily penetrated by air.

An active collection system has four major conponents:

® gas extraction wells (or horizontal trenches),

® gas noving equi pnent,

® |FGtreatnent units, and

® condensate renoval and disposal units.
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4.4.2.1 Gas Extraction Well Construction

LFG extraction wells are installed around the perineter and
into the center of the landfill. The extraction well is generally
constructed of PVC, HDPE, fiberglass, stainless steel, or other
sui t abl e nonporous material. Pipe dianmeters vary but generally
are no smaller than 5 cm (2 inches) in dianmeter and no | arger
than 30 cm (12 inches) in dianmeter. It is recomended that the
bottom % of the pipe be perforated with % inch-dianmeter hol es
spaced at 90 degrees every 6 inches. Slotted pipe having
equi val ent perforations is also suitable. Wells are typically
constructed in 30 to 100 cm (12 to 36 inch) dianeter boreholes.
Upon insertion of the casing into the borehole, the remai nder of
the well excavation is backfilled with crushed stone. The crushed
stone gives the extraction well a |larger effective dianeter from
whi ch gas can be drawn.

In unlined landfills, wells are constructed to either the
base of the landfill or the water table. However, in |ined
landfills, wells are typically constructed to 75 percent of the
landfills total depth in order to avoid damaging the liner. The
screened interval of an LFG extraction well typically extends
fromthe bottomof the well to a point at least 5 feet below the
landfill surface. Slip couplings are also used for deep wells to
account for differential settlenent. Slip couplings should be
designed to withstand circunferential pressure wthout
col | apsing. Each well head is typically designed with a butterfly
or ball valve for regulating the applied pressure to the
wel | head. A typical active vertical extraction well configuration
is presented in Figure A-10.

4.4.2.2 Spacing and Radius of Influence

The spacing of LFG extraction wells is generally determ ned
fromthe radius of influence of individual wells. This radius is
described as the distance fromthe center of a well to a point
away fromthe well where the steady-state-pressure gradient
resulting fromthe blower is 0.1 inch of water. Accordingly, any
CH, generated beyond the radius of influence would not be
coll ected by the extraction wells.
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In order to obtain a representative well spacing for the
landfill, several punp tests should be performed so that waste
conpaction variability can be taken into consideration. Due to
the costs associated with conducting these tests, there have been
several theoretical nodels devel oped to estimte the vacuum
radi us of influence relationship. Typical negative pressures at
the well head range from about 127 to 380 mm (5 to 15 inches) of
wat er colum. Typical well spacings range from approxi nately 50
to 300 feet, depending on the radius of influence for each well.

The desired nethod for determ ning effective well spacing at

a specific landfill is to use field neasurenent data. Punp tests
Wi th nonitoring probes at increnental distances fromthe test
well will indicate the influence of a given negative pressure at

that | ocati on.

The EPA Met hods specified in the New Source Perfornance
St andards (NSPS) draft rule (March 1991) use Darcy*s Law to
establish the vacuum radi us of influence relationship. Know edge
of both daily and final cover materials used in landfill
construction, gas properties including density and viscosity, the
perneability of the porous nedia (both the refuse and cover), and
the LFG pressure are needed. Because such extensive data are
rarely avail able or accurate, EPA has established a default
maxi mum r adi us of influence of 60 m (200 feet) in revisions for
publication of the final NSPS schedul ed for Decenber 1994. Use of
this default paraneter or the theoretical nodeling is generally
acceptable for estimating the radius of influence.

As not ed above, use of the theoretical nodels based on
Darcy*s Law requires estimation of several paraneters. The
paraneters required include:

intrinsic pernmeability of the refuse,
current gas production rate of the landfill,
static pressure at the well head,

viscosity of the LFG

radi us of the extraction well;
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e |ength of well screen; and
® radius of influence of the well borehole.

O these paraneters, the intrinsic perneability of the
refuse is the nost difficult to predict. This paranmeter can vary
several orders of magnitude between and within a landfill. This
paranmeter has a | arge inpact on the radius of influence predicted
by the nethodol ogy. If the designer wi shes to use the nodel for
predi ction of the radius of influence about a well, it is
recommended that the nodel be used to solve the refuse intrinsic
perneability to verify that the remaining paranmeters used predict
a value for the intrinsic perneability which falls within a
common range of intrinsic perneabilities for refuse (1x107 to
1x110°*? cnt).

The static pressure at the well head is the difference
between landfill internal pressure and the atnospheric pressure
and is the design vacuum pressure at the well head. The nagnitude
of the static pressure is a function of how much LFG is being
produced and how i npervious the capping naterials are to gas
m gration. Where gas production rates are high and the |andfil
cover inpervious, static pressures at the well heads can be as
hi gh as 375 mm (15 inches) water colum (wc). It is nore common
for wells to have static pressures in the range of 180 to 255 mm
(7 to 10 inches) wc.

Viscosity of the LFGw |l be a function of the conposition,
the pressure and the tenperature of the LFG The viscosity can
general |y be approxi mated assum ng the gas is conposed of 50% CH,
and 50% CO,. At 0°C and at at nospheric pressure, a 50% CH, and 50%
CO, gas has a viscosity of 1.21x10°° Pa. sec.

The intrinsic perneability can be conputed as foll ows:

k;, = P, *R *In(R/r) * p, *p . *0O*FE (2-13)
M * (P2 - P2 * (WD/L)

wher e,
ki = intrinsic perneability of refuse, cnt (ft?
P, = gage internal landfill pressure, Pa/nt (lbs/ft?)
P, = gage vacuum pressure at well head, Pa/nt (|l bs/ft?)
R = radius of influence, m(ft)
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radi us of well borehole, m(ft)

viscosity of LFG Pa.sec (lb-mift?
refuse density, kg/n? (1b/ft?3)

LFG generation rate, nt/sec (ft3/ mn)
efficiency of collection system (1=100%
Landfill capacity, My (Ibs)

Well screen length, m(ft)

Landfill depth, m(ft)

r'éiig“&)

For the design purpose, a value of 1.0 is normally used for
the efficiency, E, of collection system

4.4.2.3 Nunber of Extraction Wells

The factors affecting the nunber of extraction wells
selected are well radius of influence and spacing, and | andfil
geonetry. Sone overlap of influence zone is desirable for the
perineter wells of a system designed for control of gas mgration
to ensure that effective control is obtained at points between
well's along the landfill boundary. Gas extraction rate and radi us
of influence are dependent on one another, and individual well
flow rates can be adjusted after the recovery systemis in
operation to provide effective mgration control and/or efficient
CH, recovery.

4.4.3 Gas Movi ng Equi pnent
Gas novi ng equi pnent i ncl udes :

° pi pel i ne header system and
o conpressors and bl owers.

A pi peline header system conveys the flow of collected LFG
fromthe well or trench systemto the bl ower or conpressor
facility. A typical header pipe is made of PVC or HDPE and is
generally 15 to 60 cm (6 to 24 inches) in dianeter depending on
the flow rate through each section of the pipe. The size and type
of blower is a function of the total gas flow rate, total system
pressure drop, and vacuumrequired to induce the pressure
gr adi ent .
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4.4.3.1 Pipeline Header System

Col | ection header pipes are connected to the gas extraction
wel I's by neans of laterals constructed of flexible tubing to
al | ow sone novenent between the two systens during settlenent. In
colder climates, the header pipe is often installed above the | ow
perneability layer of the capping system In warner climtes, the
header system can be installed above the surface of the landfill.
The exposed col |l ecti on header may be subject to periodic freezing
and nmay constitute an eyesore; however, it is very beneficial to
have the pi pe above ground for ease of nmintenance.

Landfill settlenent occurs fromincreased vertical stresses
resulting fromthe refuse and cover materials and biol ogi ca
deconposition of the waste material. Differential settlenment of
the landfill can cause structural damage to the piping in the
form of sags and breaks, consequently, a collector header that is
not buried will be easier to repair. Other factors to be
consi dered include the potential of vandalism and the intended
end use of the site.

The basic elenents in the design of the gas collection
header system are the header pipe size, pipe material, pipe
sl ope, and | ocation of condensate traps. These will be di scussed
in the follow ng sections.

Header Pipe Size. LFG headers are sized based on the design
flows generated fromthe well system Each section of the header
shoul d be designed to transmt the design volunetric flow rate at
a velocity that will mnimze friction |osses and condensate
| osses in the header system The first step in estimating the
di aneter of the header is to estimate the flow rate through each
section of header. The designer can cal cul ate these val ues by
dividing the entire gas production potential as described in
Section 4.2.2 by the total linear footage of perforated well
screen for the system This calculation will provide an estimate
of gas flow rate per linear foot of pipe. The gas flow from each
wel | can then be estimated by nmultiplying the |l ength of well
screen of each well by the flow rate per linear foot of screen.
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The information should then be conpiled on a spread sheet.
The di anmeter of each header pipe can then be cal cul ated usi ng one
of the follow ng equations:

Di aneter (17 = 1.414 * (\W-408/ D ©0-343) (2-14)
wher e,
W= flowrate, (1,000 I|Db/hr)
D = gas density (lb/ft?3)
1.414 = conversion factor
or
Di anet er (2) = W /2000 ft.sec?
wher e,
W = flowrate, (1,000 Ib/hr)
2,000 = m ni mum vel ocity, ft/sec
In general, pipe dianeters in the header system should be no
| ess than 10 cm (4 inches) in diameter; a 15-cm (6 inches)
dianeter is typical. Pipe dianeters as large as 325 cm (14

i nches) can be installed, however, the feasibility of installing

di aneters of this magnitude wll
cover depth to prevent freezing.
cm (14 inches) are generally not
shoul d be directed to a separate

LFG col | ecti on systens nust

be a function of the allowable
Pi pe di aneters greater than 325
used; in these cases, gas flow
header 1|i ne.

be designed in a manner such

t hat condensate will not pool inside the headers. M ni mum header
sl ope nmust be maintai ned throughout the design |life of the
system and landfill settlenment nust be accounted for in the

| ayout of the header system A m nimum header slope of 2 percent
is often used. Landfill settlenent results fromincreased
vertical stresses resulting fromthe refuse and cover materials
and bi ol ogi cal deconposition of the waste material. Fromthese
vari ables, primary and secondary settlenent are cal cul ated, and a
final slope after settlenent can be predicted.

The header system should be designed to allow LFG and

condensate flowing in the sane direction to maxim ze use of the
heat of the gas to prevent condensate fromfreezi ng. Condensate
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sunps should be |ocated at all |ow points in the header systemto
prevent cl ogging of the header.

4.4.3.2 Conpressors and Bl owers

Several types of conpressors and blowers are used to renobve
LFG including nmultistage centrifugal blowers, regenerative
bl owers, rotary | obe conpressors, and liquid ring vacuum
conpressors. Gas quality, peak gas flow rates, design vacuum
pressure, and the pressure required for in-line processing of the
gas are key paraneters used to select a specific LFG conpressor
and bl ower.

Centrifugal Blowers. Centrifugal blowers are classified as
constant pressure (vacuum variable volume. The flow rates are
only imted by the horse power (HP) of the notors and may be
achi eved across the entire performance curve fromthe surge point
(low flow) and high flow capacity. Centrifugal bl owers can be
single stage, having only one inpeller, or can be nultistage
having two or nore inpellers nounted in the same casing.

Single stage centrifugal blowers are typically used for
applications requiring vacuuns of |ess than 80 inches of water.
These bl owers are conpact and produce an oil-free LFG flow. The
principle of operation is as follows: Air enters the inpeller in
the axial direction and discharges radially at high velocity. The
change in dianmeter through the inpeller increases the velocity of
the gas flow The dynam c head is converted into static head, or
pressure through a diffusion process that generally begins within
the inpeller and ends in a radial diffuser and scroll outboard of
the inpeller.

A nulti-stage inpeller creates pressure through the use of
centrifugal force. Aunit of LFG enters the inpeller and fills
t he space between two of the rotating vanes. The LFGis thrusted
outward toward the casing and then is sent to the vanes of
another rotating inpeller. This process continues regenerating
the pressure many tines until the air reaches the outlet.
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Advant ages of Centrifugal Bl owers:
° can deliver variable volune at constant speed,;
° use | ess power for |ower flows;
o require | ow mai nt enance;
° al l ow for higher head pressures;
° operate on a single shaft with up to 11 inpellers,
typically at 3,500 rpns;
° produce a snooth, non-pul sating fl ow when operating at
any poi nt beyond the surge range;
° produce | ess noise; and
° can be equi pped with auto shutdown;
D sadvant ages of Centrifugal Bl owers:
° surge protection is required;
° inpellers will not tolerate the ingestion of |arge
sl ugs of water/condensate;
° entrai nment separators nust be used; and
° i npellers nmust be nmade of corrosion-resistant materi al

due to the presence of H,S in nost LFG

Regenerative Blowers. The Regenerative blower is one type
of non-positive displacenent and consists of a nulti-stage bl ade
inpeller which rotates in a stationary housing. A unit of air
enters the inpeller and fills the space between two of the
rotating vanes. As the blower inpeller rotates, centrifugal
force noves the air nolecules fromthe root to the tip of the
bl ade, around the housing contour, and then turned back by the
annul ar shaped housing down to the base of the succeedi ng bl ade
where it is hurled outward. This regenerative action provides
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staging effect to increase pressure differential which depends on
the speed of the rotating inpeller. This process continues
regenerating the pressure until the air reaches the outlet.

Mul ti stage regenerative blowers are available in capacity up
to several hundred cubic feet per mnute and typically are used
for a high range of vacuum |l evels (180-190 inches of water).

Advant ages of Regenerative Bl owers:

° | s a conpact unit;

° Produce an oil-free air flow

° can deliver variable volune at constant speed,;

° all ow for higher head pressures;

° operate on a single shaft with up to 11 inpellers,

typically at 3,500 rpns;

° produce a snooth, non-pul sating fl ow when operating at
any poi nt beyond the surge range;

° can be equi pped with auto shutdown;

Di sadvant ages of Regenerative Bl owers:

° surge protection is required;

o inpellers will not tolerate the ingestion of |arge
sl ugs of water/condensate;

° entrai nment separators nust be used; and

° i npell ers nmust be nade of corrosion-resistant materi al
due to the presence of H,S in nost LFG
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Rotary Lobe Conpressors. Rotary | obe conpressors are
comonly referred to as positive displacenent (PD) bl owers. These
conpressors are classified as constant-volune and vari abl e-
pressure machines. Volume can only be varied by speed change in
rotating | obes via a variable frequency controller (VFC) or
sheave adjustnent ratio change. Rotary |obe conpressors are
typically used for a nediumrange of vacuumlevels (20 to 160
i nches of water). Rotary |obe conpressors consist of a pair of
mat ched inpellers rotating in a stationary housing with inlet and
outlet ports. The inpellers, oriented in opposite directions,
trap a volunme of gas at the inlet and nove it around the
perinmeter to the outlet. Rotation of the inpellers is
synchroni zed by tim ng gears which are keyed into the shaft.

Ol seals are required to avoid contam nating the air stream
with [ubricating oil. These seals nust be chemcally conpatible
with the site contam nants. When a belt drive is enployed,
bl ower speed may be regul ated by changing the di aneter of one or
bot h sheaves or by using a variable speed notor.

Advant ages of Rotary Conpressors:

o hi gh di scharge pressure at fixed flow rates.

D sadvant ages of Rotary Conpressors:

° Noi sy,

° fixed flow rates (constant volunme variabl e pressure;

° reducing flowrates will decrease the system pressure;
° hi gher conpressor nai ntenance (oil and greasing on a

regul ar basis), and

° Ol seals nust be chemcally conpatible with gas
cont am nants.
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Liqguid R ng Vacuum Conpressors. These vacuum punps transfer
both liquid and gas through the punp casing. Centrifugal force
acting on the liquid within the punp causes the liquid to forma
ring around the inside of the casing. Gas is trapped between
rotating blades and is conpressed by the liquid ring as the gas
is forced radially inward toward a central discharge port. After
each revolution the conpressed gas and acconpanying liquid are
di scharged. Vacuum |l evels close to absolute vacuum (i.e.,
absol ute pressure equals zero) can be generated in this manner.
These punps generate a waste streamof liquid that nust be
di sposed of properly. The waste stream can be reduced by
recycling the liquid; however, a cooling systemfor the liquid
stream may be needed to avoid overheating the punp.

Figures A-11, A-12, and A-13 illustrate the configuration of
bl owers and conpressors utilized in LFG recovery systens.

Advant ages of Liquid R ng Vacuum Conpressors:

° can generate a vacuum | evel close to absol ute vacuum
(i.e., absolute pressure equals zero).

Di sadvantages of Liguid R ng Vacuum Conpr essors:

° produce a waste streamof liquid that nust be di sposed
of properly.

The gas nover (bl ower, or conpressor) systens should be
designed to handle the peak LFG flow rate over the life of the
LFG proj ect.

Sizing of a bl ower/conpressor is based on:

° Total flow, Q,, for the entire landfill
° Desi gn operating pressure; and
° The estinmated headl oss in the system

The sizing of the blower is a function of the flow rate,
static pressure required at each well head and estimated headl oss
in the system Follow ng conpletion of the header |ayout and
cal cul ation of the header dianmeter, an estimation of the total
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Figure A-11
Centrifugal Blower
Courtesy of Roots Dresser

Fig. 6:31 Sactional view of a liquid-ring compressar

1. impeiler 4, working liquid
2. casing 5. discharge port
3. intake part
Figure A-13 Figure A-12
Positive Displacement Liquid Ring Air Compressor
Courtesy of Roots Dresser Courtesy of Atlas Copco
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pi pe | osses due to friction should be conputed. Methods used in
the anal ysis of water distribution systens are used in design of
the LFG coll ection system Pipe |osses can be cal cul ated through
t he use of Darcy-Wisbach equation and the Mody Di agram®for
friction factor in the pipe versus Reynold s nunber and rel ative
roughness.

Sel ection of blowers should be based on the follow ng:

cost effectiveness;

sinplicity of installation;

| ong-1ife expectancy;

m ni mum mai nt enance,

vari abl e | oad capacity;

a | ow gas | eakage rating under operating conditions;
and

° safety of operation.

Sonme blowers tend to | eak LFG around the shaft bearing.
These bl owers should be limted to outdoor use only.

4.4.4 Non-Enerqgy Recovery Systens

4.4.4.1 Flare

A flare systemis used to burn the LFGin a controlled
environment to destroy harnful constituents and di spose of it
safely to the atnosphere. The operating tenperature is a
function of gas conposition and flow rate. LFG conposition and
flowrate are vari able and sonmewhat unpredictable with a maxi num
of approximately 500 Btu per cubic foot when it contains
approxi mately 50% CH,. Consequently, when the Btu | oading
derived fromLFGis outside the flare design range, auxiliary
fuel is required at the flare.

The el enments of conbustion that nust be addressed in the
design of a LFG flare are: residence tine, operating tenperature,
turbul ence, O, and flame arrestor. These elenents are
interrelated and, to sone extent, dependent on each other.

Resi dence tine, operating tenperature, and burner design nust al
be considered in selecting and eval uati ng LFG conbusti on
equi pnent .
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Adequate tinme must be available for conplete conbustion. The
t enperature nust be high enough to ignite the gas and al | ow
conbustion of the m xture of fuel and 0,. The residence tine in
a conmbustor nust be sufficient for hydrocarbons to react with the
O,.. Residence tines for VOCs can vary from0.25 to 2.0 seconds,
and solid particles, such as carbon, nmay require as long as 5
seconds for conplete destruction.

The operating tenperature of the conbustor depends upon the
material to be conbusted. The tenperature should be about 148 to
260°C (300 to 500°F) above the auto-ignition tenperature of the
waste gas. CH, autoignites at 540-760°C (1004-1, 004°F), thus a
m ni mum operating tenperature of 760°C (I, 400°F) is often
specified. A tenperature that is too high may cause refractory
damage as wel|l as production of excess NQ, while a tenperature
that is too low may result in the production of excess carbon
nmonoxi de and unburned hydrocar bons.

There nmust be enough turbul ence to mx the fuel and O and
enough O, to support conbustion. Mxing the LFG and air at the
burner tip is critical to proper operation of the flare. Proper
m xi ng and adequate turbulence will create a uniformmx of LFG
and air in the conbustion zone, whereas inproper mxing wll
result in flue gas stratification, which contributes to high
em ssions and unstabl e operati on.

Operating at high flowrates and tip velocities requires
flame stabilizers to prevent the flame from extinguishing itself.
W ndshields allow the flame to establish itself and resist high
wi nd conditions. Automatic pilots sense the LFG flame and
automatically relight the flare when necessary, thereby saving
energy costs.

The basic flare unit consists of the foll owi ng conponents:

a nulti-orifice burner,

a burner chanber,

an automatic conbustion air control system (danpers),
an electric pilot ignition system

sanpling ports,

flare control panel,
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o tenperature controller (interlock the flare stack),
° a flame arrestor, and
o em ssion control

The multi-orifice burner and burner chanber are enclosed in
a stack containing refractory insulation. Typical stack height
of the flare is 6 to 10m (20 to 30 feet). An automatic air
control system consist of danpers which operate based on the
tenperature controller. The danpers provide anbient air to the
flare interior for conbustion and for controlling the exit gas
tenperature. The tenperature controller should have a high
tenperature interlock to prevent damage to the stack or persona
injury. The flare, including the pilot, requires auxiliary fuel;
a small propane tank is usually located near the flare to serve
as pilot fuel. Sanpling ports are located in the walls near the
top of the stack where em ssions nonitoring is performed. A
built-in staircase and platformare usually provided for access
to the sanpling areas. Stoichionetric conbustion of nethane has
a flanme tenperature of 1871°C (3400°F). Insul ation neltdown and
i nternal stack expl osion have occurred due to | ack of excess air
and high tenperature interlock

Siting of the flare is very inportant and shoul d be
considered in the design phase. Open flares can be |ocated at
ground | evel or can be elevated. Although sone of these flares
operate w thout external assist (to prevent snoking), npst use
steamor air, or the velocity of the gas itself, to mx the gas
and air. Flares |located at ground | evel can be shielded with a
fence.

LFG is conveyed to the flare through the collection header
and transfer lines by one or nore blowers. A knock-out drumis
normal |y used to renove gas condensate. The LFGis usually
passed through a water seal before going to the flare. This
prevents possible flanme flashbacks whi ch occur when the gas fl ow
rate to the flare is too low and the flane front noves down into
t he st ack.
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Purge gas (N,, CO, or natural gas) also helps to prevent
flashback in the flare stack caused by low gas flow rate. A gas
flow neter systemis necessary to neasure LFG flow to the flare.
The gas flow shoul d indicate both current flow and accunul at ed
flow For data storage, it is reconmended that digital storage
on magnetic or optical disks be used instead of paper recorder
with an automatic pen to avoid mai ntenance problens. The total
volunetric flowrate to the flanme nust be carefully controlled to
prevent a flashback problemand to avoid flanme instability. A gas
barrier or a stack seal is sonmetines used just below the flare
head to inpede the flow of air into the flare gas network.

Anot her inportant unit independent fromthe flare is the
flame arrestor which is installed in the LFGinlet line. The main
function of the flame arrestor is the absorption of heat, thereby
preventing passage of flane. The flane arrestor is packed with
al um num pl ates which nay becone cl ogged with the conbustion by-
products. Pressure gauges and sanpling ports nust be installed
on each side of the flane arrestor to indicate clogging and
necessary renoval for cleaning. Proper sealing of the flane
arrestor in the housing is essential. Since a flane arrestor
requires periodic factory cleaning, a stand-by flanme arrestor
shoul d be kept on-site for use during maintenance activities.
Also, in selecting a flane arrestor, an easily renovabl e design
shoul d be considered for ease of cleaning and inspection.

Flares are typically designed with encl osed enm ssion control
to mnimze NQ, CO and hydrocarbon em ssions while maxim ze the
destruction of trace conpounds such as vinyl chloride and
aromatics. Particulate, SO or HC emnissions that enter the
flare will not be affected.

Ther nocoupl es are used to nonitor the flanme in open and
el evated flares. For the enclosed flares, ultraviolet (UV)-type
flame detectors should be used. The WV flane detectors can
detect instantaneous flame failure so the inlet valve can be shut
before the vessel fills up with unburned gas.
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The design and selection of landfill flares depend upon the
requi red design and operating objectives (specific em ssion
requi renents for 98% NMOC destruction efficiency). |In any case,

flares shoul d be designed and manufactured to provide the m ni num
operating tenperature under a range of LFG conpositions and fl ow
rates.

4.4.4.2 Thermal Incineration

Ther mal oxidation involves heating the gas streamto a high
enough tenperature for conbustion, typically, between 1,500 and
2, 000°F. Paraneters affecting incinerator performance are the
LFG heating value, the water content in the stream and the anount
of excess conbustion air. The LFG heating value is a neasure of
the heat available fromthe conbustion of the VOCs in the off-
gas. Conbustion of LFGwith a heating value |less than 1.86 M/ n?
(500 Btu/scf) usually requires burning auxiliary fuel to maintain
the desired conbustion tenperature. Auxiliary fuel requirenents
can be | essened or elimnated by the use of recuperative heat
exchangers to preheat conbustion air. Of-gas with a heating
val ue above 1.86 MJ/nt (500 Btu/scf) may support conbustion but
may need auxiliary fuel for flame stability.

Conmbusti on devices are always operated wth some quantity of
excess air to ensure a sufficient supply of 0, The anpunt of
excess air (the anpbunt of air above the stoichionetric air needed
for reaction) used varies with the fuel and burner type but
shoul d be kept as | ow as possible. Using too nmuch excess air
wast es fuel because the additional air nust be heated to the
conbustion chanber tenperature. Large anpbunts of excess air also
i ncrease flue gas volune and may increase the size and cost of
the system The air requirenent is cal cul ated as shown bel ow.

Each nol ecule of CH,requires two nol ecules of O for
conpl ete conmbustion according to the reaction:

CH, + 20, ----- > 00, + 2H,0 + heat (2-16)
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Since air is 21 percent O, and 79 percent nitrogen, 9.5
nmol ecul es of air are required to supply the two nol ecul es of O0,.
Each standard n? (35.7 scft) of CH, therefore, requires 9.5 n?
(339 scft) of air for conmbustion. To ensure the reaction occurs
efficiently, additional air is needed which is called excess air.
Typically, a mninmumof 10 to 20 percent excess air is needed to
mai ntain a high destruction efficiency. In addition, excess air
is also required to keep the reaction tenperature fromagetting
too hot. This extra air is called "quench air." As a result, the
total excess air requirenments may be from 100 to 250 percent
above the theoretical conbustion air required, depending on the
operating tenperatures and the CH, content of the LFG

Exanple. Based on LFG flow of 100 cfmw th 50% CH,, 30%
Co,, 10% N,, 10% H,0 the excess air requirenents at different
operating conditions are:

Exhaust Gas Composition

Operating Exhaust Gas  Theoretical Co, Ny 0, H,0
Temperature Flow Air 9% Volume Basis

C° (*F) m (1) %

760 (1400) 47.3 (1690) 230 4.8 74.3 136 7.4
982 (1800) 35.0 (1250) 140 6.4 7.29 11.1 96

Source: Adapted from Reference 10

I nci nerators nust be designed to handl e m nor fluctuations
in flows. Packaged, single-unit thermal incinerators are
avail able to operate on gas streans with flowrates in the range
of 5.7 m/mn (200 scfnm to about 1,430 n¥/ m n (50,000 scfm
However, excessive fluctuations in flow m ght not allow the use
of incinerators and would require the use of a flare.

4.4.5 Energy Recovery Systens
The foll ow ng four approaches have been adopted for
recovering energy fromLFG
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° upgradi ng the gas quality to pipeline quality for
delivery to utility distribution systens;

° use of LFG directly as a boiler fuel;

o generation of electricity by the operation of an
i nternal conbustion engine with LFG and

° use of LFGto fuel a gas turbine.

Typi cal LFG contai ns approxi mately 4,450 Kcal / nt (500
Bt u/ scf) of energy whereas pipeline-quality gas contains 8, 900
Kcal / (1,000 Btu/scf). The energy content of LFG varies w dely
dependi ng upon the performance of the gas collection system and
the stage of deconposition within the landfill. Generally, the
coll ection of gas for energy recovery purposes has been limted
to large landfills with over 1 mllion tons of solid waste in
pl ace. Recent experience has shown that gas may possibly be
economcally recoverable fromsnaller landfills, especially where
energy prices are relatively high.

4.4.5.1 Gs Turbines

As described in Section 3.2.2.1, two basic types of gas
tur bi nes have been used in landfill applications: sinple cycle
and regenerative cycle. The gas tenperatures fromthe power
turbi ne range from 430 to 600°C (800 to 1, 100°F). The
regenerative cycle gas turbine is essentially a sinple cycle gas
turbine with an added heat exchanger. Thermal energy is
recovered fromthe hot exhaust gases and used to preheat the
conpressed air. Since less fuel is required to heat the
conpressed air to the turbine inlet tenperature, the regenerative
cycle inproves the overall efficiency of the gas turbine.

The size of the gas turbine systemis based on the potenti al
el ectrical output generated by using LFG as fuel. The gas turbine
systemis considered to be 30 percent efficient in converting the
LFG to electrical energy ®.

Commercially avail abl e steam turbines range in size from
approxi mately 100 Kw to over 1,000, 000 Kw.
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Achi evenmrent of high conbustion efficiency requires the
controlled mxing of fuel and air and the sinultaneous
satisfaction of several conditions:

° air velocities in the conbustor bel ow fl ane speed,

o air/fuel ratio within flanmability limts,

° sufficient residence tine to conplete reactions,

° turbul ent m xing of fuel/air throughout the conbustion
zone, and

o ignition source to start the reaction.

A factor to be considered in turbine operation is that
t urndown performance is poor (i.e., the gas turbines work best at
full-1oad, but poorly if gas supplies are |less than needed to
supply the full-load operation).

4.4.5.2 |Internal Conbustion Engines

|.C. engines are being used at landfills because of their
short construction tine, ease of installation, and operating
capability over a w de range of speeds and | oads.

Al nost all larger engines used in this application are nmade
by three manufactures: Caterpillar, Cooper-Superior, and
Waukasa. These engi ne-generators are devel oped and used not only
with LFG but for nunerous other applications. The conbustion
engi nes are commonl y turbocharged-designs that burn fuel with
excess air.

Various design and operating nodifications including part
nodi fications for corrosion resistance generally allow the
engi nes to operate successfully at landfills. Lubrication
systens may al so be required for conbustion engines utilizing LFG
fuels. Hal ogen conpounds in the LFG decrease the pH and
subsequently increase corrosion of the engine parts. Chem ca
additives to the oil can largely neutralize these conpounds and
reduce corrosion. Additionally, nonnethane VOCs can build up in
the engine oil; degrading the oil and reducing its effectiveness.
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Positive crankcase ventilation may serve to reduce the
concentrations of these NNOC. Another potential solutionis to
i ncrease the block and oil tenperature to maxim ze evaporation
and m nimze condensation. Because of the severity of the oi
service, frequent oil changes may be required. GO analyses,

i ncludi ng Total Base Nunber (TBN), nitration and netal content,
may be utilized to determ ne when replacenent is warranted.
These anal yses may al so be used to predict potential problens.

Vari ous exhaust gas catalysts are sonetines used with
pi peline-gas fueled 1. C engines to reduce em ssion pollutants in
t he exhaust gas stream Experience have proven that the acidic
LFG conponents (hal ogens, H,S) break down nost of the catal ysts
maki ng this technique a significant expense(*®. The presence of
conpounds such as hal ogens or sul fur m ght require sonme
addi tional equi pnent such as scrubbers. Scrubbers reduce acid
gases and particulates in air streamby transferring these
conpounds to a circulating liquid stream

4.4.5.3 Boilers

Anot her energy recovery option is steamelectric generation
that burns LFGin a boiler to produce high-pressure steam which
then drives a steamturbine to generate electricity. The steam
turbi nes thensel ves require no special nodification for use in an
LFG project. However, the boilers used to burn the LFG and
generate the steam nust have burners designed to wthstand the
corrosion fromthe H,5 and hal ogen conpounds found in the gas.

O her paraneters which should be considered in the design of
steam turbine plant are:

° relatively clean water supply is needed for make-up
and

° accommodation to the variations of LFG conposition
wi t hout maj or adjustnent to the conbustion control
system

4.4.5.4 Potential Future Technol ogi es
Several potential technol ogi es are under devel opnent to
i nprove LFG application: these include future flare design using
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low Btu's LFG 15 percent CH,with air regulation and | ong
detention tinme, fuel cells, vehicular fuel, and possibly synfuels
pr oducti on.

Fuel cells are essentially electrochemcal batteries. Fuel
cell s have been well established as a technol ogy for generating
energy for nore than 20 years using natural gas. They are
currently being considered for LFG applications in |arge
muni ci pal landfills (19,

Vehi cul ar fueling with conpressed CH,is of high interest
for environnental and ot her reasons. Using LFG would involve
sonme purification, possibly to near pipeline quality. The
vehi cl e woul d have to be equi pped with conversion kits, which
i nclude safety devices, to manage the high pressure invol ved.

Synthetic liquid fuels production is another application for
LFG Avail able technol ogies that could convert LFGto |liquid
fuel s include hydrocarbon production by Fischer-Tropsch, nethanol
synthesis by various routes, including chem cal catalysis at high
pressures, or by partial biological oxidation®,

4.5 GAS CONDENSATE SYSTEM COLLECTI ON AND CONTROL

Condensat e managenent shoul d be one of the key design
el ements of a LFG system Condensate from LFG operations is
classified as non-hazardous waste unless it exhibits a RCRA
hazardous characteristic or is derived fromRCRA |isted wastes.

|f LFG condensate is considered as a hazardous waste, the
condensate cannot be returned to the landfill fromwhich it was
derived unless first treated.

Condensate characteristics are site specific. Since the
regul ations that apply to condensate nanagenent vary, the
managenent options available at each facility will be based on
state laws, restrictions of the |ocal wastewater treatnent
pl ants, and ot her | ocal deci sions.
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Wat er scrubber or knockout vessels are often used in
control/recovery systens to renove liquids, primarily to prevent
corrosion or line freeze-ups. |If the condensate is not renoved,
it wll collect in the |lower portions of the system and plug the
pi pes, bl ocking the passage of gas and rendering the extraction
systemineffective. Condensate sunps and traps nust be desi gned
to continuously drain condensate fromall transm ssion |ines
under both negative and positive operating pressures while
mai ntai ning a seal between the gas stream and the atnosphere. A
check val ve may al so be used at the outlet of the trap to prevent
air or water flow back into the pipe. Wter traps should be
designed to withstand a m ni num of 12 inches of water columm nore
than the anticipated design vacuumin the system GCenerally,
condensate traps should be placed at the |lowest points in the
col | ecti on header system

Condensate sunp punps usually have intakes above the notor
casing and do not tolerate being punped dry for |ong periods, the
condensate coll ection sunps are rarely punped conpletely dry. As
a result, sonme water is always present in the sunp and
potentially in the conveyance system

Condensate may al so be managed by avoiding its formation.
After initial condensate knock-out, the gas may be heated to
avoi d condensation in the lines or treatnent equi pnment.

The tenperature and noi sture content of the extracted LFG
and the anmbient air tenperature will inpact the volune of the
condensate that is produced fromthe extracted LFG |If punp
tests are performed to establish the radial influence caused by
vari ous vacuum pressures, sanples of the LFG can be coll ected and
anal yzed for noisture content and tenperature. |If punp tests are
not conducted, estinmates can be made assumng the LFGis
saturated with noisture. This assunption will yield a
conservative estimte for condensate generation as nost operating
LFG col l ection systens do not produce vol unes of condensate
predi cted by assum ng a saturated gas. Tenperature of the gas
can be measured by inserting probes into the landfill.
Tenperature of the LFG can al so be estimted based on literature
values for landfills simlar in conposition, age and di nensi on.
Tenperatures for the m ni mum anbi ent conditions that could occur
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in the piping systemlocated above the | ow perneability liner can
be estimated by surveying the climatol ogi cal records for the
geographic area. Tenperature estinmates for buried pipes can be
estimated by contacting the | ocal Soil Conservation Service and
obtaining soil tenperatures with depth for the region. Neither
of these anbient tenperatures will necessarily be the tenperature
that will be observed in the header system due to the heat
content of the LFG however, these tenperatures represent a
conservative approxi mation.

The cal cul ati on of condensate generated by cooling of LFG
saturated with condensate can be approxi mated by assum ng t hat
condensate is simlar in density to water and LFGis simlar to
air. This assunption permts use of psychonetric charts devel oped
for properties of steam Using tables from psychonetric charts,
an estimation of the concentration of water (condensate) in air
(LFG can be made by dividing the humdity of the noist air by
the specific volune of the noist air for the anbient tenperature
in the piping systemas described in the precedi ng paragraph.
This water concentration represents the concentration that wll
remain in the gas stream after cooling. The same calculation is
made for the tenperature corresponding to the tenperature of the
LFG The volune of the condensate is then estimted by
mul ti plying the water concentration at each tenperature by the
flowrate to determ ne the volunme of condensate present in the
gas stream at each tenperature. The volune of the condensate is
then estimted by subtracting the volune of condensate that wll
remain in the gas stream (anbient tenperature) fromthe vol une of
condensate that exists in the gas stream at the tenperature of
the gas as it is extracted fromthe landfill.

Since LFGis seldomy saturated and the anbient tenperature
in the header systemis usually higher than the anbient
tenperature of the surrounding soils or air, the volune of
condensate conputed by this nethod is conservative. This nethod
general ly over-predicts condensate generation rates. If a greater
degree of accuracy is needed, it is recommended that a
t her rodynam ¢ bal ance of the system be conducted. Since this
| evel of accuracy is typically not needed for landfills, the
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met hodol ogy for this calculation is not presented in this
docunent .

Condensate flow fromgas collection piping is relatively
low. In the northwest, condensate flows average approxi mately
0.015 gpm acre of landfill. Due to |low flows, the condensate
col l ection piping (fromgas header) is quite snmall and the pipe
is usually sized based on cl eani ng equi pnent.

Renoval of condensate in a knock-out pot is caused primarily
by a pressure drop. The anmount of condensate that will formfrom
a pressure drop can be estimated as fol |l ows:

0.0203 Qyor
acond =
760 - 1.87AP,,r

wher e,
Qond = flow rate of condensate, n¥/ mn
Qor = total gas flowrate, nf/nmn
YPror = total pressure drop, Nm

An alternative nethod to collect condensate is using a
vacuum val ve station (VWS), condensate collection tank and vacuum
punp'®,.  The WS is installed between the gas and condensate
collection manifold. Condensate fromthe gas header first fills
the WS, which acts as a float trap, to a point where an internal
float ball opens a needle valve. Wen the needle valve is
opened, the condensate is sucked fromthe WS into the condensate
mani fol d which drains into a condensate collection tank. An
inverted stainless steel air rel ease valve (as manufactured by
APCO) is used at the WS as the float trap. A vacuum punp i s used
to create the vacuumin the condensate collection tank and the
entire condensate collection manifold. Deep well ejector punps
are used to punp the condensate fromthe collection tank into the
next di sposal system
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There is no conprehensive database on the chem cal and
physi cal characteristics of LFG condensate. Data that have been
publ i shed shows that the aqueous phase of LFG condensate

generally passes the TCLP regulated |imts. |[If a non-aqueous
phase liquid is present in the condensate, this fraction has been
found to fail ignitability testing. Landfills that have been

operating principally as nunicipal landfills are rarely found to
have a non-aqueous phase fraction.

In preparing the proper managenent plan for condensate, it
should first be determned if the condensate contains two phases.
| f the condensate does have a non-aqueous phase, managenent pl ans
shoul d i ncl ude a phase-separation process to separate the non-
aqueous phase liquids fromthe aqueous phase fraction. Since
nost condensates do not have two phases, only aqueous phase
di sposal issues are discussed in this docunent.

Di sposal of gas condensate is an issue commobn to nost
landfill sites in humd climtes. Methods of disposal for LFG
condensat e i ncl ude:

° di sposal at a local publicly owed treatnent works
(POTW t hrough munici pal sewer |lines or tank trucks,

o on-site treatnent,
° i njection of condensate back into the landfill, and
° aspiration of the condensate into an LFG fl are.

Di sposal at a | ocal POTWdepends on the physical and
chem cal characteristics of the condensate and the POTWs permt
requirenents.

Condensate recirculation is being practiced at nunerous
sites and is acconplished primarily through drainage into the
collection well field at noisture traps, although this practice
runs counter to conventional |and practice. The return of
condensate to the landfill will not be allowed unless the
andfill is equipped with a conposite |liner and a | eachate
coll ection system (40 CFR Part 258).
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Aspiration of condensate into LFG fl ares has been
acconpl i shed on several sites and prom ses to be an efficient and
effective nethod of condensate disposal, provided the condensate
IS non-hazardous. Flare destruction efficiency is dependent on:

° flare tenperature,
° flare residence tine, and
° t ur bul ence.

These are discussed in the previous sections.

Quenching tests nust be conducted to ensure that condensate
aspiration wll not cause an unsatisfactory drop in operating
tenperature of the flare. Analysis of gas condensate quality,
pre-aspiration flare em ssions quality and em ssion quality
during aspiration are typically required. Condensate is
transferred froma liquid state to vapor at 870°C (1600°F) upon
aspiration into the flare chanber. This requires approxi mately
12,000 Btu's of energy per gallon of condensate.

Wth the aspiration of condensate into the flare unit, draft
velocities are created during condensate evaporation that could
significantly change the retention tinme on which the original
flare design was based. Recent applications of condensate
aspiration, however, have not caused a decrease in destruction
efficiencies. Only enclosed flane flares provide adequate
residence tinme for condensate aspiration

The operating efficiency of a gas flare is based on the
turbul ence condition. The aspiration of condensate will cause a
change in the turbul ence conditions inside the flare chanber.

4.6 ELECTRI CAL

El ectrical systemdesign includes requirenment for materials,
equi pnent, and installation. Any future power needs that nay be
antici pated should also be included. |In addition, reference
codes, standards, specifications and area classifications shoul d
be used.
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Codes. Standards, and Specifications

Codes, standards, and specifications include:

Anerican PetroleumlInstitute (API)

RP500 A -Recommended Practice for C assification of
Areas for Electrical Installations in Petrol eum
Refi neri es.

RP500 B - Recommended Practice for Cl assification of
Areas for Electrical Installations at Drilling R gs and
Production Facilities on Land and on Fi xed and Mari ne
Pl at f or ms.

RP500 C -Electrical Installations at Petrol eum and Gas
Pi pel ine Transportation Facilities.

Anerican National Standard Institute (ANSI)

° C2 National Electrical Safety Code.

° C80. | Nat i onal Electrical Safety Code
Specification for Rigid Steel Conduit, Zinc
Coat ed;

° C80. 5 Specifications for Rigid Al um num Condui t.

National Fire Protection Association (NFPA)

° 30 Fl ammabl e and Conbusti bl e Li quid Code

° 70 National Electrical Code (NEC

° 496 Purged and Pressurized Encl oses for Electrical

Equi prent i n Hazardous Locati ons
° 497 (dass | hazardous Locations for Electrical

Install ations in Chenm cal Plants.
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Institute of Electrical and Electronics Engineers (IlEEE)

[ 141 Recommended Practice for Electrical Power
Distribution for Industrial Plants;

o 518 The Installation of Electrical Equipnent to
m nimze Electrical Noise Input to Controllers
from external sources.

4.6.2 Areas Cassifications

Classifications. A general rule is that the electrical
conponents are not to operate in an expl osive atnosphere.
Whenever feasible, electrical equi pnment should be |ocated in
non—hazar dous areas.

The areas to be classified fall into one of the foll ow ng
types as established for electrical installations in the NEC
( NFPA 497):

Cass |I. Division|l. Goup D

Class |, Division |, Goup D are applied to | ocations where
fl ammabl e gases or vapors, such as CH,, are likely present in
nor mal operating conditions.

Class I. Division 2. Goup D

Class |, Division 2, group D are applied to | ocations where
fl ammabl e gases or vapors, such as CH,, are normally confined and
the fl ammabl e gases are present only in case of abnornal
operation of equipnent or in case of accidental rupture of
pi pe/ cont ai ner.

Uncl assified Locations.
Uncl assified areas fall into the foll ow ng categories:

a. Locations that are adequately ventilated where flammuabl e
substances are suitably contained in well maintained cl osed
pi pi ng systens which include only pipe, valves fitting are
consi dered nonhazardous; Locations that are not ventil ated,
and pi ping systens inside do not have valves, fittings or
ot her appurtenances are consi dered as nonhazardous.
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b. Locations contai ni ng permanent sources of ignition, such as
fired boilers, pilot lights, equipnent with extrenmely high
surface tenperatures (above ignition point of the gases in
the area) are not deened hazardous.

4.6.3 Conduit Seals

Conduit seals are required on underground conduits between
t he ground surface and panel s or equi pnment where sparKking
conponents are | ocated.

4.6.4 Electrical Enclosures

Encl osures i nclude power panels, control panels and ot her
simlar enclosures. According to NFPA 70-501-15, there shall be
no exposed live parts (conduct electricity). In Class |
| ocations, all live parts nmust be housed inside encl osures.
Encl osure information is provided by the National Electrical
Manuf act urers Associ ati on (NEMA).

Non- expl osi on proof bl ower control panels may be nounted on
an outside wall, or in a separate control room where positive
pressure ventilation is maintained. Explosion proof equipnent
shoul d be used on inside walls of the blower buildings.

4.6.5 Mtors and Cenerators

Standards for notors and generators are provided by NEMA in
ANSI / NEMA St andard MG 1. In LFG applications, all notors are to
be encl osed. These incl ude:

° Total | y-encl osed nonventil ated (TENV);
° Total | y-encl osed fan-cool ed (TEFC); and
o Expl osi on proof.

4.6.6 Installations
El ectrical installations should be in accordance with APl RP
540 and the NEC or |ocal codes where applicable.
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4.6.7 Gounding
Al'l electrical systens require a reliable effective

groundi ng system Wring and equipnent in Cass |, Division 2
| ocati ons nust be grounded as specified in the NEC | atest
edition.

4.7 SYSTEM MONI TORI NG

A nonitoring program should be established at all solid
waste landfills. The nonitoring program may be different
depending on the end use of the LFG Typically, in a landfil
with blower/flare stations, the followi ng areas need to be
noni t or ed:

gas wells,

col | ection system
condensat e,

flare, and

LFG m gration nonitoring.

The follow ng sections discuss nonitoring paraneters of each
area, including |ocations, frequency, and nonitoring activities
associated wth each.

4.7.1 Gas Wlls
Foll owi ng are nonitoring paraneters associated with gas
wel | s:

4.7.1.1 Monitoring Locations
Monitoring |locations at the wells should be established at
the well heads to nonitor the LFG quality and quantity.

4.7.1.2 Frequency
The frequency of nonitoring and adjustnent is a site-

specific determ nation based on how stable the systemis. If the
landfill cover is |eaking and the system shows signs of air
intrusion, the systemrequires weekly nonitoring and adj ustnent.
More stable systens may require nonitoring and adjustnent on a
monthly or even | ess frequent basis.
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4.7.1.3 Valve Position

A continuous record of the position of the valve regul ating
t he vacuum applied to a wel |l head shoul d be kept as observed
during routine inspection and mai nt enance. The val ve position
shoul d be nodified if nonitoring paraneters indicate that anbient
air is intruding into the zone of influence for the well.

4.7.1.4 Gs Quality - Chem cal
Met hane. CH, content shoul d be neasured as an indicator of
the quality of the LFG being extracted by the well. For a

muni ci pal solid waste landfill, mnmeasurenents bel ow 50 percent by
vol une may be an indicator that anbient air is intruding into the
zone of influence of the well. This condition together with other

paranmeters will help determne if the vacuum applied to the
wel | head shoul d be nodified by altering the valve position. It is
nost conmmon to neasure CH, in units of “percent by volunme” of

gas. In MBWIlandfills, neasurenent of |ess than 45 percent CH, by
vol une shoul d be used as the lower limt for nodifying the valve
position to reduce the opening.

CH, can be nonitored through the sanpling port on the
wel | head using a hand-held instrunment. New instrunents which use
infrared absorption to detect CH, concentrations are becom ng
avai |l abl e. The accuracy of these instrunents are limted to + 5
percent .

Oxygen. 0, is neasured as an indicator of anmbient air
intrusion. 0, in the LFG should be in the range of 0 to 2 percent
by volune. 0, levels in excess of 2 percent nay be indicative of
anbient air intrusion into the system It is inportant to nonitor
0, both as an indicator of anbient air intrusion and al so as an
i ndi cator of the deconposition conditions in the landfill.

Portabl e O,-sensing neters are typically used to nonitor the
O, content of the gas as sanpled through the sanpling port in the
wel | head. Precaution should be taken in the calibration of these
instrunments as the sensitivity of the instrument is generally 2
percent and a poorly calibrated instrument nay |lead to incorrect
concl usi ons regardi ng wel |l performance.
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Carbon Dioxide. CO,is nonitored to assess the condition of

the landfill. Concentrations of CO,in excess of the
concentration of CH, may be indicating that the landfill is not
operating anaerobically. This condition is known as conposti ng;
conposting can lead to landfill fires. The potential for

conposting conditions should be nonitored by cal culation of the
conposting ratio as shown in Section 4.7.1.6.

Many of the infrared devices devel oped to neasure CH, can
al so be used to neasure CO,. Sanples can be obtained directly
t hrough the sanmpling port in the well head.

4.7.1.5 Gas Quality - Physica

Pressure. Pressure should be neasured at the well head
sanpling port in inches of water colum (in. w). One pound per
square inch (psi) pressure is equal to 27.7 in. wc pressure.
Gauge pressures should be recorded as negative indicating the
pressure is |l ess than atnospheric. Wl |l head pressures
significantly different than system pressures nmay be an
i ndi cation of localized flow bl ockages.

Pressure is typically nonitored using a magnehelic-type
anal og pressure gauge or hand-hel d pressure transducer gauge.
Care nust be taken to insure the nonitoring instrunment can
measure antici pated pressures. Typical pressures at the well head
range from-0 in. wc to -10 in. wc.

Tenperature. |f excessive anbient air is being pulled into
the well, the tenperature of the gas stream nay decrease. The
magni tude of the decrease will be dependent on the difference
bet ween the anbi ent tenperature and the tenperature of the gas
within the landfill. Due to the difficulty in assessing these
di fferences, tenperature should be used in conbination with other
paraneters as an indicator of anbient air intrusion.

Tenperature is typically measured using a thernocoupl e
attached to a digital-readout instrunent.

Fl ow Rate. The flowrate is the neasurenent of the vol une of

gas flow ng through the well per unit tine. The flowrate is
typically nonitored to evaluate the flow at an individua
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wel | head in conjunction with CH, content and pressure to assess
if control valve nodifications are necessary. Since flowrate is
dependent on tenperature and pressure, it is inportant that both
of these paraneters are neasured at approxinmately the sanme tine
as the flow rate neasurenent. Notation of these paraneters wll
permt conversion of field data to standard conditions if needed
for system eval uati on.

Flow rate is typically cal cul ated from nmeasurenents of the
velocity of the gas and know edge of the cross-sectional area of
the pipe. Pitot tubes are the nbst comon neasuring device,
however, some inaccuracy is inparted due to the noisture content
of the gas. Thermal -mass flow indicators are also used to nonitor
flowrate. Both instrunments can be used with the sanpling ports
installed at the well head.

Use of thermal-mass flow instrunents requires that the
density and heat carrying capacity of the gas streamis known.
Since different locations of a landfill may generate different
gas conpositions, hence different density and heat carrying
capacity, gas conposition of different |ocations should be
anal yzed, and a chart of density and heat carrying capacity
shoul d be made. This chart should be used to adjust the
difference in density and heat carrying capacity according to the
manuf act urer *s recomendati ons when thermal -mass fl ow i nstrunent
i s used.

4.7.1.6 Analysis of Data

Fol l owi ng col | ection of data, cal culations of several
i ndi ces should be made in the field to assess overall system
operation and landfill conditions.

Met hane/ Carbon Di oxide. The ratio of CH,to CO, shoul d al ways
be one or slightly greater than one. This index can be used to
qui ckly assess anbient air intrusion. For exanple, a CH,to CO
ratio of 0.80 indicates that about 20 percent of the gas produced
may be originating from aerobic deconposition or |eaks in the
landfill cover instead of anaerobic deconposition.

A-105



ETL 1110-1-160
17 APR 95

Conposting Ratio. This ratio considers both O and CH,in
estimating the probable anount of air flow that results from
anbient air intrusion. The ratio is:

1-%CH, 9
(—o——‘)*0.21 - (402) (2-16)
Composting Ratio = 57 100
(1—%CH4)*021 ) (%Oz) . (%CH4
57 ) 100 57 )

The maxi num al | owabl e val ue of the conposting ratio
reported, prior to taking action to inprove conditions supporting
anaer obi ¢ bi odegradation, is 8. Higher values indicated that
anaer obi ¢ processes are being inpacted by 0, intrusion. | mrediate
measures should be taken to determ ne where O, intrusion is
occurring.

4.7.2 Collection System

The objective of operating the gas collection systemin a
landfill is to maxim ze gas collection. This is achieved by
having a well bal anced vacuumin all parts of the system so gas
is collected as possible without drawing air in through the
landfill cover. Mnitoring data will reveal how far out of
bal ance or how much air is pulled into the system The nonitoring
data can be used to determ ne adjustnents required to achieve the
operating goal .

This section describes the |ocation, frequency and
met hodol ogy for nonitoring activities associated with the
col l ection system

4.7.2.1 Monitoring Locations

Moni toring points should be established at several |ocations
in the collection system for exanple at each gas well and at the
inlet to the blower, to permt evaluation of the gas quality for
di screte sections of the LFG collection system Monitoring points
are established so as to help isolate any bl ockages in the
system
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4.7.2.2 Frequency
The frequency and schedule for nonitoring points in the

collection systemare simlar to that of the gas wells. These
poi nts should al so be nonitored as system operations indicate
potential bl ockages in the collection system

4.7.2.3 @&s quality —Chem cal and Physi cal
Monitoring chem cal gas quality in the collection systemis
the sane as described for the gas wells.

4.7.3 Condensate

This section describes each of the units in the condensate
managenent system and the nonitoring requirenents associated with
each unit.

4.7.3.1 Renpote Sunps or Tanks

To collect the LFG condensate from pi pe headers, renote
sunps or tanks are typically positioned at various locations in
the LFG collection system Each sunp or tank is equipped with
punps (subnersible or above ground). These sunps are fitted with
high liquid level alarns as well as punp on/punp off |evel
controls. The punps should be inspected as part of the nonthly
i nspection programto ensure that there are no obvi ous signs of
i rregul ar wear.

The control panel for each sunp typically includes:

° a high liquid audi ble or visual alarm
° noi sture sensors, and
° a tenperature limter.

The control panel operation should be inspected and
verified. Manufacturer*s recommended mai nt enance plan for the
punps and control/al arm systens should be inplenmented into the
nmoni toring plan, and any routine observation requirenents should
be included in a nonitoring |og.
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The condensate force main should be nonitored nonthly. The
flow neters |located at the sunp punp di scharges shoul d be
nmonitored to insure that there is no | oss of flow between two
nmoni tori ng points which would be an indicator of a potential |eak
in the main. Qbservation of the condensate flownreter should be
recorded on the nonitoring | og established for the sunmp
i nspecti on.

Spare parts for punps should include one nechanical seal set
per sunp punp. As the spare seals are utilized during routine
O&M spare seals should be replenished at the site.

4.7.3.2 Central Units

Knock-out Pot. The knock-out pot will renove any noisture
entrained in the LFG streamprior to the blower. The knock- out
pot has no nmechanical parts and therefore requires m ninma
nmoni toring. Mnitoring should include inspection of the discharge
lines to insure the |ines appear in good condition and permt
free drainage to the condensate storage tank. Valves permtting
free-flow of the condensate fromthe knock-out pot to the storage
tank should be maintained in the open position to prevent buil d-
up of condensate in the knock-out pot.

4.7.4 LEG Mgration Mnitoring

4.7.4.1 Locations

Gas mgration should be nonitored both laterally and
vertically. These include the foll ow ng:

° spaci ng for probes,
° probes depth, and
° sanpling frequency

Lateral mgration nonitoring is achieved by installing
per manent gas nonitoring probes at the periphery of the |andfil
to check for potential subsurface landfill gas mgration is not
escaping the landfill boundary.

Vertical mgration is nonitored across the surface of the

landfill by noving portable instrunents across the landfill.
Locati ons where instruments neasure concentrati ons above
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background will be noted and investigated further to check for
vertical m gration/outgassing.

4.7.4.2 Gas Quality - Chem cal
Met hane. CH, shoul d be nonitored as described in Section
4.7.1.4.

Carbon Dioxide. @0,should also be nonitored if CH,is
observed in order to determne if the CH, being nonitored is the
result of LFG mgration or natural processes. Methods of
monitoring C0, are discussed in Section 4.6.1.3.

4.7.4.3 Gas Quality- Physical

Tenperature. Tenperatures within a landfill are normally
hi gher than anmbi ent tenperatures. Tenperature neasurenents are
nost useful when conpared over tinme, to determne if a rising or
falling trend of LFG production is occurring. High-tenperatures
al so indicate aerobic reactions which are occurring due to air
infiltration into the landfill.

Pressure. By neasuring the pressure, the operator know how
well the systemis balanced ,i.e., if he is achieving the sane
pressure differential at all collection points. Mnitoring the
baronetric pressure when nonitoring LFGis hel pful in reducing
and interpreting data. Baronetric pressure should be neasured
using a manoneter or simlar instrunent.

4.7.5 Flare System and Appurtenances
This section describes nonitoring requirenents associ at ed
with each unit in a blower/fare system

4.7.5.1 Blower

Monitoring Requirenments. Inspection of this unit should
i nclude reading the flow rate and pressure of the system and
conparing these neasurenents to a standard curve devel oped by the
manuf acturer to determ ne whether the blower is operating within
a safe range for the equipnent. The pressure drop across the
bl ower should al so be nonitored using magnehelic gauges at the
entrance- and exit-way to the blower at ports included in the
pi ping systemto ensure that parts of the blower assenbly have
not worn or are causing excessive head | oss across the unit. The
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bl ower should al so be inspected and nonitored according to
manuf acturer's specifications for the unit.

Frequency. It is recomended that nonthly inspections be
made, unl ess recomrended ot herw se by the manufacturer, to insure
that operating paraneters are within expected ranges. After the
first year and every second year thereafter (at a m ninun,
conprehensi ve inspections by a representative of the manufacturer
shoul d be nmade to ascertain that no parts are wearing at a rate
that is not expected. Should the equipnment warranties reconmend
nmore frequent inspection, this frequency should be upgraded to
t he recommended | evel s.

4.7.5.2 Flane Arrestor

Moni toring Requirenents. Monitoring of the flame arrestor
consists of nmeasuring the head | oss across the flanme arrestor to
insure that operating head | osses are not significantly above or
bel ow t he | osses expected for the unit. |In general, flane
arrestors require little maintenance (cleaning) and are rarely
replaced in operating systens.

Frequency. |Inspection of the arrestor can be infrequent
since the flame arrestor does not have any noving parts. Monthly
nmoni toring inspection conducted with several other portions of
the gas collection and flaring systemw || be adequate.

4.7.5.3 Flare Unit

Moni toring Requirenents. The flare unit should be capable
of operating at >98 percent destruction requirenent efficiency
(DRE). In addition to DRE nonitoring, the flare inlet should be
i nspected for:

° gas-flow rates;

° gas supply pressure;

° m ni mum operating tenperatures; and

° i nfl uent gas paraneters including CH,, C0, and O.
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Manuf acturer's recomendati ons for m ni mrum and nmaxi mum
val ues for these paranmeters should be determ ned for the specific
flare unit. Mnufacturers typically specify a m ni mum supply
pressure for a given flow rate. Inspection should include
referencing operating paraneters of flow rate and pressure drop
agai nst the design curve established for the flare. |Inspection
shoul d verify that a sufficient delivery pressure is being
supplied for the observed flowrate. |If there is insufficient
pressure, the blower should be inspected as noted in Section
4.7.5. 1.

M ni mum operating tenperatures are generally specified by
manuf acturers to be 1,400°C. The tenperature of the flare unit
shoul d be inspected to insure that this paraneter is being
mai nt ai ned. The CH, content and flow rate of the influent gas
shoul d be inspected as described bel ow. Excessive operating
t enperatures shoul d not occur since the flare unit should be
designed with automatically adjusting air intake |ouvers.
However, if excessive tenperatures (i.e. > 1,800°C) are observed,
controls for these | ouvers should be inspected.

Gas paraneters including CH, O and CO, should be inspected
to insure that the operating concentrations are within acceptable
ranges for the flare.

Frequency. Additional operating paraneters including gas
flow rates; gas supply pressure; mninmum operating tenperature;
and i nflow LFG paraneters should be nonitored nore regul arly.
Mont hly nmonitoring is recommended unl ess suggested ot herw se by
t he manuf acturer.

4.7.6 Automation of Controls

Cenerally, there are the followng three fornms of process
control: local control, centralized control, and renote control.
In a local control system all control elenents (i.e.,
indicators, switches, relays, notor starters, etc.) are |ocated
adj acent to the associated equipnent. 1In a centralized control
system the control elenents are nounted in a single |ocation.
These Systens nmay include a hard-wired control panel, a
programmabl e | ogic controller (PLC) or a conputer. Renote
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control can be acconplished several ways including by neans of
nodens or radio telenetry.

To sel ect the appropriate control schene, the advantages and
di sadvant ages of each control schene nust be considered. A
| ocal i zed control systemis |ess conplex, |ess expensive, and
easier to construct. Centralized control systens are al so easier
to operate. Centralized data acquisition and control may i nclude
the use of conmputers or PLCs. Autonated process control is a
conplex topic that is beyond the scope of this docunent; however
several points are worth considering. O ten plant operators wll
be nore famliar wth traditional hard-wred control |ogic than
with control logic contained in software. However, process |ogic
contained in software is easier to change (once the operator
| earns the software) than hard-wiring. Therefore, if extensive
future nodifications to the proposed system nay be anti ci pated,
hard-wiring the process | ogic should be avoi ded.

Modens and radio telenetry can be used to control these
systens renotely. Radio telenmetry is typically used over shorter
di stances when radio transm ssion is possible. Mdens are used
with conputerized control systens. Systens can al so be equi pped
with auto dialers to alert the operator of a mal function by
t el ephone or pager.

A good instrunmentation and control systemdesign will assure
that the individual conmponents of the off-gas collection and
control system are coordinated and operate effectively. This
section will present:

° control elenments used in the design

° di fferent degrees of autonmation,

° a list of mniml acceptable conponents, and

° a description of special instrunentation that nay be

used in these systens.
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4.7.6.1 Control Elenents

Gas Pressure Gauges. Pressure gauges in the operating range
of the gas nmanagenent systemare readily available comercially.
Several types are available; the only design consideration
beyond the pressure range is corrosion issues wth known
conpounds in certain landfills.

Met hane Gas Detectors. Gas detectors may be placed in the
feed mani fold system of either active or passive collection
systens to nonitor the explosive range (or Btu content) of the
recovered gas. Systens which burn the gas have different
operating target values than systens which vent or otherw se
di spose of it. The detectors may neasure specific CH, (and ot her
gas) content, using a GC, Conbustible Gas Indicators (CQ),
whi ch neasure the percent of |lower explosive limt (LEL) of the
gas being processed; or FID, which neasure the concentration of
VOCs relative to a calibration gas (which may be CH,). The type
of detector selected depends on the objectives of collection,
whet her the fuel value is to be recovered, and safety
considerations for the landfill.

Alarns. The gas control systemw | usually require several
alarns to ensure safe and efficient operation. As described
above, alarns nust be provided to ensure the water collection
system does not overflow into the blower train. Alarns are
required to alert for too rich a feed in the expl osive range, or
perhaps too |l ean a feed stream for conbustion systens. Sone
bl owers and vacuum punps require alarns for overpressure or
excessive vacuumin parts of the piping. The systemmy al so
contain flowrate alarns to indicate too nmuch or too little gas
novenent .

Sone degree of alarmprotection is provided in the
el ectrical system which serves the blowers or punps in the form
of thermal overload systens, circuit breakers or fuses to
i ndi cate when these systens have tri pped.

Control Panel Layout. A control panel |ayout nust be
designed. This drawing will show, to scale, all electrica
conponents and the associated wiring. Depending on the project,
this control itemmy be submtted as a shop drawi ng by the
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instrunmentation and control contractor. For exanple, the control
panel for the condensate sunp should include a high-liquid |evel
alarmbell and the light; noisture sensors; tenperature limter,
etc..

Logic Diagram A |logic diagrammnust be included if the
process control logic is not apparent fromthe Piping and
I nstrunentation Diagram (P& D). This diagram shows the | ogi cal
rel ati onshi ps between control conponents. For exanple, the
di agram may show that if a particular switch is placed in the "on
position" and there are no alarmconditions, then the bl ower wll
turn on and activate a green indicator light. Another exanple is
when the alarmswitch is placed in the on position, signaling
that the LFGis too rich, then the blower wll be turned-off to
prevent explosion situations in the flare.

The set of docunents nust have a |legend to explain the
synbol s that are used. Regardless of the existence of the
| egend, standard synbols nust be used wherever applicable.

4.7.6.2 Degree of Autonation

The degree of automation is generally dependent on the
conplexity of the off-gas treatnment system (if any), the
renot eness of the site, and nonitoring and control requirenents.
Typically, a trade-off is required between the initial capital
cost of the instrumentation and control equi pnent, and the |abor
cost savings in system operation.

Systens designed for unattended operation would incorporate
the greatest degree of automation of systemcontrols. Control
schenes may include the use of renotely | ocated PLC, renpte data
acqui sition, and nodens and radio telenetry. System nechani cal
and el ectrical conponents would be sel ected on the basis of
having optimumreliability while requiring m ni mum mai nt enance
and adj ust nent.

4.7.6.3 Mninmm Acceptable Process Control Conponents

At a mninmum the foll ow ng process control conponents are
required:

° pressure and flow indicators for each well,
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° bl ower notor thermal overl oad protection,
° vacuumrelief valve or vacuumswi tch to effect bl ower
shut down,
° pressure indicators at blower inlet and outlet,
° hi gh | evel switch/alarmfor condensate collection
system and
o explosinmeter for sites with recently nmeasured LEL

| evel s greater than 10 percent.

O, nonitoring and feedback controls are required on | ow
em ssion engines. Automatic control of the stoichionetric ratio
is by far the preferred method for |ong-term operation of LFG
fired I.C engines.

4.7.6.4 Special Instrunents
Several specific instrunents are comon to the LFG contro
system that should considered in the design. These include:

° portabl e CH, and conbusti bl e gas neters (such as those
originally devel oped for the natural gas industry and
for mne safety),

° instrunents that use infrared absorption for CH,
measur enent, and

° process GC.

CH, and conbusti bl e gas neters operate on two different
principles. Both indicate the presence of any conbustibl e gas,
and need to be calibrated using CH,gas. Calibration should be
performed according to the manufacturer's instruction.

I nstrunents that use infrared absorpti on have been devel oped
specially for nonitoring LFG They operate on the principle that
CH, strongly adsorbs |light at certain wavel engths in the infrared
range (> 400nm .
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Process GC are used for onsite nonitoring and control.
However, | aboratory facilities and trained chem sts are required
for nonitoring operation.

4.7.7 Oher Design Considerations
O her design paraneters include:

4.7.7.1 Site Wrking Areas

Speci al working areas shoul d be designated on the site plan
for other contingency situations. Access areas to the landfil
shoul d be provided for checking the pipe headers, well heads,
condensate traps and sunps. Arrangenents for working areas my
i nclude | ocating such areas closer to the entrance gate. working
areas are site specifics.

4.7.7.2 COfice Buildings

At larger landfills where climtes are extrene, a building
shoul d be provided for office space and enpl oyee facilities.
Sanitary facilities should be provided for landfill personnel. At
smaller landfills, trailers may be sufficient.

4.7.7.3 Uilities

Large landfills will need electricity, water, air,
communi cation, and sanitary services. Renote sites may have to
extend existing service or use acceptable substitutes. Portable
chem cal toilets can be used to avoid the high cost of extending
sewer lines; potable water may be trucked in; and an electric
generator may be used instead of having power lines run into the
Ssite.

4.7.7.4 Energence Power

All LFG s extraction systens should be equi pped with
enmer gency power sources such as generators. To keep the bl owers
operating continuously, the generators should automatically turn
on if the power supply falls below a certain voltage to avoid
extensive buil dup of potentially harnful or explosive gases in
the event of a power outage.
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4.7.7.5 Ar

In the case where conpressors are used to pressurize the
extracted gas for conbustion, an air supply will be needed for
i nstrunentati on control

4.7.7.6 Water

Water is required for cooling and sanitary use. A water
supply may also be required for fire protection of buildings and
or equi prent.

4.7.7.7 FEencing
At sone sites, it is desirable to construct perineter fences

to keep out any trespassers or animals. |[If vandalism and
trespassing are to be discouraged, a |.8-m (6-foot) high chain
link fence is desirable. A wood fence or a hedge may be used to
screen the operation fromview Locking vault covers and
security guards nmay be required, in sone areas to deter
vandal i sm

4.7.7.8 Lighting
If the landfill has structures (enployee facilities,

adm nistrative office, equipnent repair, or storage sheds, etc.)
or if there is an access road in continuous use, pernanent
security lighting may be desirable.

4.7.7.9 Labor Requirenents

LFG recovery systens typically do not require extensive
| abor commtnents. A regular O&M schedul e shoul d be inpl enented
to ensure the proper and uninterrupted operation of the system

Dependi ng on the LFG control systeminstalled and the size
of the facilities, one full-tinme operator may be needed to
operate and maintain the gas collection systemduring the day. An
automatic control systemis designed to operate and control the
systemat night. A flare station nay be |left unattended, the
conputer maintaining the control systemw || shut down the
collection systemand notify the facility's off-duty operator via
a dialer in case of malfunction.
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4.7.7.10 System Safety

Due to the explosive nature of CH, gas, processing station
el ectrical equipnent and fixtures shall be typically classified
as Cass 1, Division 2, Goup D of the NEC. Cuidelines for
Safety are presented in Article 501 of the NEC. For
"Intrinsically Safe Systens” Article 504 of the NECis
recomended. Sone | ocal codes may be nore restrictive than the
af orenenti oned and shoul d be exam ned before design.

If flares or burners are enployed, flane arrestors should be
installed in the inlet lines. Flane arrestors provide a neans of
reduci ng potential explosion hazards by preventing flashback of
conbustion gases fromthe burner through the process station.
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